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Carbapenem-resistant Enterobacteriaceae is an emerging bacterial pathogen that represents significant morbidity and mortality in acute care settings. [1] [2] [3] [4] The most prevalent of these organisms, carbapenem-resistant Klebsiella pneumoniae (CRKP), has been found in healthcare settings around the world. [5] [6] [7] In the United States, it was identified first in New York City hospitals in 2002 and quickly spread to the surrounding New England area. 8 Outbreaks of CRKP have increasingly been reported from varying healthcare settings, including long-term acute care hospitals (LTACs). 9, 10 A 2007 Centers for Disease Control and Prevention (CDC) analysis of hospital surveillance data suggests that 8% of all Klebsiella isolates are CRKP; recent studies have shown that it accounts for 5%-24% of Klebsiella isolates identified in hospitalized patients. [11] [12] [13] Resistance to carbapenems in Enterobacteriaceae can be conferred through different mechanisms, most commonly through production of carbapenemases. 14 The most common plasmid-mediated K. pneumoniae carbapenemase (KPC) is a class A carbapenemase that can disseminate readily. 15, 16 The high clonality of KPC seen in hospital outbreaks is worrisome, as the resistance plasmid can easily be transferred horizontally to carbapenem-susceptible strains. [17] [18] [19] This organism poses a threat to patients, hospitals, and doctors, as carbapenem antibiotics are often the last line of defense against gram-negative bacteria, and no new antimicrobials in this class are being developed. 20 Risk factors for colonization and infection with CRKP are similar to those associated with other multidrug-resistant organisms. 21 Increased lengths of hospitalization, prior extended-spectrum cephalosporin and fluoroquinolone use, and invasive procedures are associated with an increased risk of acquisition of CRKP. [22] [23] [24] In addition, higher mortality rates are associated with CRKP infection versus carbapenem-susceptible K. pneumoniae, with some hospital surveillance reports showing mortality between 47% and 57%. 2, 25, 26 Active surveillance in hospital intensive care units has been recommended to establish the presence of the organism, as asymptomatic colonization with the organism is common in this patient population. 27, 28 Colonized patients, both identified and unidentified, may then transmit CRKP in other healthcare facilities to which they are transferred. 29 In the fall of 2009, the CDC contacted the Los Angeles County Department of Public Health (LAC DPH) regarding 2 patients identified with panresistant K. pneumoniae from 2 distinct hospitals. Previously, the CDC agreed to test select isolates from LAC hospitals for confirmatory testing of the KPC enzyme and identified these patients as having identical isolates that stood out due to high resistance to colistin and tigecycline. In the course of our investigation of these 2 cases, we identified several patients positive for CRKP in one of the facilities where a case was hospitalized. Because of the lack of knowledge regarding the presence of CRKP in LAC, the DPH initiated a surveillance system to detect the incidence of this emerging multidrug-resistant organism. This report describes our laboratory surveillance of the LAC healthcare community as a whole and identifies areas of high risk for infection that are the target of further study.
methods

Surveillance
The LAC DPH declared CRKP a laboratory-reportable disease on June 1, 2010. CRKP was defined as any specimen positive for K. pneumoniae showing resistance to carbapenems by the 2010 revised M100-S20 Clinical and Laboratory Standards Institute (CLSI) guidelines for carbapenems and Enterobacteriaceae. 30 All laboratories were required to submit a final laboratory report with culture and sensitivity, including minimum inhibitory concentrations (MICs), as well as the DPH confidential morbidity report (CMR) form with basic patient demographic information. Laboratory reports that did not include results of carbapenem testing did not meet the case definition and were excluded from the analysis.
Case Demographics
Basic demographic information collected from the CMR form included name, date of birth, address at time of reporting, sex, and date of admission to facility if hospitalized. Addresses on the form were cross-referenced with a database of skilled nursing facilities (SNFs) in LAC to determine whether the case was a resident of a SNF. Attempts were made to obtain missing information from forms submitted; this included contacting the infection preventionist (IP) at the reporting facility as well as contacting laboratories directly.
Case Reporting
Most forms and laboratory reports were submitted to the DPH via fax and entered by staff into the reportable diseases surveillance system. The DPH applied for and received a CRKP Systematized Nomenclature of Medicine-Clinical Terms code. This code allowed hospital laboratories with electronic laboratory reporting to code their data appropriately and transmit them electronically as well as upload laboratory records to the DPH. All reported cases were designated as confirmed if they met our case definition; otherwise, they were designated as false and excluded from further analysis.
Case Onset Definitions
Nosocomial cases were defined using the CDC National Healthcare Safety Network (NHSN) LabID component criteria. Individuals with specimens collected on or before the third day after admission were considered community onset; those with specimens collected on or after the fourth day after admission were considered healthcare facility onset. Per LabID criteria, positive specimens for cases that had already been reported in the same calendar month, from either the same or a different reporting facility, were classified as duplicates and excluded from the analysis.
Statistical Analysis
All information from the CMR form was extracted from the surveillance system, and corresponding laboratory susceptibility testing was entered into an Access database for analysis. For laboratory data, all carbapenem MICs, when available, were entered. Other antimicrobials in the laboratory report were indicated to be susceptible, intermediate, or resistant, as determined by the reporting laboratory, in data entry. Average daily census for reporting LAC acute care hospitals (ACHs) and LTAC facilities, which are licensed in California as ACHs and for the purpose of this analysis were considered a subset of ACHs, was obtained via personal communication with IPs by the DPH. This daily census was used to estimate patient-days for each ACH and LTAC for each reporting month. Incidence rates were calculated and demographic variables were analyzed using SAS, version 9.2 (SAS Institute).
results
From June 1, 2010, through May 31, 2011, a total of 814 laboratory reports were submitted to the DPH. Of these, 675 (83%) were confirmed as CRKP cases ( Table 1 ). The remaining 139 (17%) reports did not meet the case definition and are not included in this analysis. Reasons for exclusion include lack of carbapenem testing in the laboratory report as well as isolates being extended-spectrum b-lactamase (ESBL) positive but carbapenem susceptible. Of the 102 ACHs in LAC, 65 (64%) reported at least 1 case; this includes the figure 1. Monthly carbapenem-resistant Klebsiella pneumoniae (CRKP) pooled mean rate of infection by facility type for long-term acute care hospitals (LTACs;
) and acute care hospitals (ACHs; ) in Los Angeles County (excluding skilled nursing facilities and n p 8 n p 57 out-of-county reporting facilities). Incidence rates were calculated for all 65 LAC ACHs reporting at least 1 case. The overall pooled mean incidence rate for the 12 months of data in LAC ACHs, including LTACs, was 0.46 per 1,000 patient-days; for LTACs the pooled mean was 2.54 per 1,000 patient-days, and for ACHs the pooled mean was 0.31 per 1,000 patient-days. Rates in LTACs were consistently higher than rates in ACHs each month during the surveillance period (
). This trend was seen in P ! .001 every month, with rates in LTACs reaching as much as 8 times the rates in ACHs and consistently 2-5 times higher (Figure 1 ). Rates were not calculated for SNFs or out-ofcounty ACHs because of lack of census data.
Paired dates of admission and specimen collection were available for 587 (87%) cases. The mean length of hospitalization from admission to first CRKP-positive culture was 18 days, with a range of 0-247 days. Cases with a longer length of hospitalization were generally reported from LTAC facilities, with a mean length of hospitalization of 30 days, compared with 11 days for ACHs. A large proportion of cases (355 [60%]) had their positive specimen collected 4 or more days after admission and are considered healthcare onset by NHSN definitions. The remaining 232 (40%) cases with specimens collected within the first 3 days after admission are considered community onset. Of these community-onset cases, 141 (61%) had their positive specimen collected on the day of admission. A large proportion of the community-onset cases (147 [63%]) were admitted from SNFs; we were unable to assess prior healthcare exposure in the remaining 37% of community-onset cases, as it was not possible through laboratory data alone. Twelve cases were reported CRKP positive more than 100 days after admission. These were reported from LTACs or from hospitals that have sub-acute care units.
Early in our surveillance, an outbreak was identified in a 177-bed LTAC. Twenty-four CRKP-positive cases were identified over a 2-month period and were positive in various specimen sources, the majority in sputum (11 [46%] Table  3 ). Ertapenem was often used to confirm carbapenem resistance in K. pneumoniae isolates and was included in approximately half (314 [47%]) of laboratory reports received; doripenem was rarely reported in susceptibility testing and was not analyzed. Availability of MICs in laboratory reports varied among the reporting facilities, as many hospitals indicated that their standard practice is to remove carbapenem MICs in final laboratory reports so doctors do not prescribe these antimicrobials. The mean MIC for all carbapenems was well above the new CLSI breakpoints.
Other antimicrobials used for susceptibility testing varied by facility; all included at least 1 quinolone, aminoglycoside, cephalosporin, penicillin, and sulfonamide. Susceptibility data were available for 20 antimicrobials, with isolates showing 100% resistance to nearly all cephalosporins and greater than 97% resistance to quinolones (Table 4) . Forty-five (65%) facilities performed susceptibility testing for tigecycline; 30 (43%) facilities tested for colistin. Although interpretation of results were facility specific due to lack of CLSI interpretation guidelines for these drugs against Enterobacteriaceae, isolates showed susceptibility to colistin but intermediate susceptibility to tigecycline.
By NHSN LabID component definitions, 65 (9%) individuals had CKRP isolated on multiple occasions and accounted for 147 laboratory reports. The majority of these (44 [68%]) were reported from a combination of healthcare facilities, including various ACHs (14 [32%] ) as well as ACHs and LTACs (16 [36%] ). Two cases were reported from an ACH, LTAC, and SNF during the surveillance period; 1 of these was reported 5 different times over a 9-month period. discussion This is the first report describing community-wide laboratory surveillance for CRKP. Implementation of a county-wide laboratory surveillance system allowed us to obtain a comprehensive understanding of the incidence and transmission of CRKP in LAC that could not be done through surveillance by individual healthcare facilities. 31 In 12 months, this surveillance system identified more cases of CRKP than expected. Previous case-specific CDC laboratory results from LAC hospitals indicated that CRKP was identified sporadically in the area, and its prevalence in our healthcare community was unknown.
In our study, the 675 confirmed cases from 814 laboratory reports submitted identified CRKP as a significant problem due to the high risk of transmission in the LAC healthcare system. CRKP was previously found mainly in traditional ACH settings; however, this surveillance system found it circulating throughout the healthcare community as a whole. The identification of 147 incidents in 65 patients as they accessed healthcare services along the continuum of care highlights the interconnectedness of healthcare facilities. Hospitals more than ever are likely to see drug-resistant organisms introduced by patients who may have had non-acute care facility exposure. Although length of colonization is not well understood, studies have shown repeated positive cultures up to 6 weeks after the initial positive result. 12, 32 This reinforces the need for a strong antibiotic stewardship program in all healthcare facilities for the judicious use of antibiotics in their patient populations.
A striking finding was the high incidence of CRKP in LTACs. All 8 LTAC facilities in LAC reported at least 1 case, accounting for 34% of confirmed cases during the surveillance period. Each of the 8 facilities has an average daily census of 80 beds or fewer, much smaller than the majority of LAC hospitals. While it is alarming that so many cases were identified in these small facilities, the patient population they serve has many of the known risk factors for infection and colonization with CKRP. 33 As part of our routine surveillance, an outbreak was identified in an LTAC that would otherwise not have been reported. These patients underwent many of the invasive procedures traditionally associated with risk for acquisition of CRKP and had accessed services along the continuum of care prior to their admission.
Case demographics in our population were similar to what has been reported in the literature, with more female cases and older patients reported. However, the surveillance encompassed cases from LTACs and SNFs and was not limited to ACHs only. The large proportion of cases identified as community onset in this surveillance system, especially the large number of community-onset cases admitted from a SNF, may also point to an overall problem in the healthcare community. Increased attention to infection control procedures and surveillance is needed in these facilities to prevent the spread of MDROs. As patients receive treatment along the continuum of care, more individuals will be transferring back and forth between acute care, long-term acute care, and subacute care, bringing with them the organisms they acquired from the previous healthcare facility. 9, 34, 35 Proper disclosure of MDRO infection or colonization status to the admitting facility when patients are transferred would allow for implementation of appropriate infection control procedures, such as contact precautions for colonized or infected patients, as well as initiation of unit-based active surveillance if an outbreak is suspected.
In addition, CRKP identification is not standardized among laboratories and is not easily identified through the automated testing systems used in many hospitals. 36, 37 Many hospital laboratory reports did not conform to the new CLSI guidelines for carbapenem breakpoints, indicating intermediate susceptibility to carbapenems with a MIC of 8. When contacted, several of these hospitals stated that their laboratory testing mechanism followed Food and Drug Administration breakpoints and could not be calibrated to the new lower CLSI MICs. This problem in many of the automated testing systems in use allows many isolates of CRKP to go undetected, expediting their spread in facilities. 38 Although hundreds of CRKP-positive patients were identified through this surveillance system, this is most likely a gross underestimation of the true incidence in LAC. Improving knowledge of CLSI criteria for carbapenem-resistant Enterobacteriaceae and use of a standardized definition in laboratories, especially those that serve the long-term care community, is one way to enhance surveillance and obtain a more precise estimate of the incidence and prevalence of CRKP in LAC. The combined use of automated systems and modified Hodge test can be a more precise method to identify CRKP in facilities that are not able to manually lower the MIC breakpoints for carbapenems and Enterobacteriaceae.
There are several limitations to our surveillance. First, this is a passive surveillance system relying solely on IPs and laboratories to report CRKP-positive specimens using the reporting criteria. Many cases are missed due to use of old carbapenem breakpoints for Enterobacteriaceae and a general underreporting in passive surveillance systems. In addition, different hospitals use different antimicrobials for their susceptibility testing. While this lack of consistency was not ideal, the data were useful and generated a community-wide CRKP antibiogram. In addition, complete demographic information was not available for all cases, and date of admission was missing for 64 cases. Surveillance did not include any patientspecific variables, so additional information, such as infection versus colonization, underlying risk factors, morbidity, and mortality, were unavailable.
This community-wide laboratory surveillance in LAC, with minimum data elements collected from individual cases, was an effective method to approximate the incidence of an emerging MDRO in the LAC healthcare community. Improved disclosure of a patient's medical history between the transferring and receiving facility as they move along the continuum of care can be facilitated by use of a standardized transfer form, much like the CDC's interfacility infection control transfer form. 39 In addition, understanding the rates of CRKP among these varied types of healthcare settings will allow public health to improve prevention and control strategies with ACHs, LTACs, and SNFs to decrease the spread of CRKP in LAC.
